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ARTICLE INFO ABSTRACT

Keywords: Climate change is a highly emotional issue. For example, many people experience negative emotions like climate
Positive emotions anxiety and eco-depression. Recent work emphasizes that positive emotions also influence how individuals
Warm glow

engage with sustainability and pro-environmental behavior. Behaving in an environmentally friendly way may
elicit positive feelings (warm glow), which could drive a self-reinforcing positive feedback loop of great applied
value. However, previous research has largely been limited to self-reported pro-environmental behavior, which
can have low validity. Here, we investigated the relationship between warm glow and pro-environmental
behavior using two consequential behavioral tasks. In Study 1 (n = 237), participants who made more pro-
environmental decisions in the Carbon Emission Task experienced more warm glow. Pre-registered Studies 2a
(n = 803), 2b (n = 953), and 3 (n = 849) used the tedious Work for Environmental Protection Task for a more
severe test. Results again showed more warm glow after more pro-environmental behavior. In addition, antic-
ipated warm glow before the task predicted pro-environmental behavior, and behavioral effort mediated the
relationship between anticipated and experienced warm glow. Together, these results provide a strong
demonstration that warm glow and pro-environmental behavior are mutually reinforcing.

Pro-environmental behavior
Pro-environmental intentions

1. Introduction etal., 2021). In this paper, we test whether people feel positive emotions
before and after engaging in pro-environmental actions.
To manage environmental challenges, modifying behaviors such as

flying less and reducing energy use is necessary (Lee et al., 2023).

Pro-environmental behavior is shaped by psychological factors such as
beliefs and values, yet much remains unaccounted for in predicting
actual sustainable behavior (Cao et al., 2022; de Groot et al., 2021;
Nielsen et al., 2022). To bridge this gap, there is a recent pivot towards
considering behavioral context and person-environment processes when
studying pro-environmental behavior (Nielsen et al., 2021). Emotions
are of particular interest because they can reveal such
person-environment interactions, including through appraisals and
motivations (Asutay et al., 2023; Koenig-Lewis et al., 2014; Landmann &
Rohmann, 2020; Taufik & Venhoeven, 2018). Indeed, there are
increasing calls for investigations into how emotions affect
pro-environmental behaviors, and to develop research into the role of
positive emotions (Asutay et al., 2023; Brosch, 2021; Brosch & Sauter,
2023; Brosch & Steg, 2021; Schneider & van der Linden, 2023): If people
feel good after behaving pro-environmentally, this might stimulate more
of such behavior (Chatelain et al., 2018; Rezvani et al., 2017; Schneider
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1.1. Emotions and climate change mitigation

Climate change and mitigating behaviors are highly emotional is-
sues; people often feel anxious and hopeless when facing climate change
(Ediz & Yanik, 2023; Ogunbode et al., 2022). Previous research has
mainly focused on how negative emotions can increase climate change
concern and motivate people to take action (Graham-Rowe et al., 2014;
Tam et al., 2023; Yoon et al., 2021). Recent work suggests that positive
emotions are also associated with pro-environmental behaviors
(Antonetti & Maklan, 2014; Coelho et al., 2017; Wong-Parodi & Fey-
gina, 2021). For example, making green choices is associated with
feelings of pride (Maior et al., 2022).

Pro-environmental behaviors often require more time and effort
compared with less sustainable behavior. For example, traveling by train
typically costs more time and money than flying. Nonetheless, many
people choose costly, sustainable options. Might people feel good about
sacrificing time and money to be more sustainable? Indeed, people who
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report engaging in more pro-environmental actions also report more
positive feelings (Bissing-Olson et al., 2016). Perhaps people find
pro-environmental actions meaningful, for example because such ac-
tions align with their biospheric values and perceived moral obligations
to protect the environment (Venhoeven et al., 2020).

1.2. Warm glow and pro-environmental behaviors

Feeling good about oneself for doing good deeds is called warm glow
(Andreoni, 1990). This concept involves a wide range of prosocial ac-
tions, such as when people donate money to help others. People who
promote sustainability or conservation may also reap psychological re-
wards of feeling good, and this is sometimes called green glow (Jia & van
der Linden, 2020).

In general, positive affect is crucial for behavioral change, in part
because internal rewards facilitate behavior change (Schneider et al.,
2021; Shiota et al.,, 2021). The warm glow feeling from acting
pro-environmentally in turn may reinforce more engagement in such
behavior (Brosch, 2021; Schneider et al., 2021). Compare this rein-
forcement with external rewards such as financial incentives, which
sometimes reduce the motivation and intention to act
pro-environmentally (Ling & Xu, 2021), such that people may not
commit to pro-environmental actions once the external rewards disap-
pear (van der Linden, 2015). In contrast, the intrinsic rewards of warm
glow have been theorized to lead to sustained pro-environmental
behavior (Chatelain et al., 2018).

However, previous studies on positive emotions and pro-
environmental actions have been based on self-reports of behavior or
behavioral intentions (Bissing-Olson et al., 2016; Chatelain et al., 2018;
van der Linden, 2018). Such measures may not be a convincing mea-
surement of behavior. Participants are usually not trained in an objec-
tive and appropriate way to report their behavior, and so there could be
retrospective bias. Additionally, under most situations, self-report scales
on pro-environmental behavior are developed by optimizing best fit
items (Larson et al., 2015), as it is the way of establishing scales for
psychological variables. However, pro-environmental behavior is a
physical event, rather than a psychological variable (Lange, 2024),
which might lower the ecological validity of items on pro-environmental
behavior scales. In addition, self-reports may be weaker proxies for

Pro-environmental
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environmental impact than is frequently recognized. For example, one
study (Nielsen et al., 2022) showed that a typical self-reported behavior
scale only correlated rs = .08-.10 with precise frequency measures
converted into greenhouse gas emissions, which suggests that classic
self-reports are poor measures of environmental impact (Koller et al.,
2023; Nielsen et al., 2021).

Therefore, although previous studies suggest that experienced posi-
tive feelings are associated with self-report pro-environmental behavior
and behavirol intentions (Bissing-Olson et al., 2016; Cahyasita et al.,
2021), it remains unclear whether people feel good after
pro-environmental actions that incur actual financial or temporal costs.
Here, we use observed pro-environmental behavior in consequential
tasks to test key hypotheses around warm glow (see Fig. 1).

Hypothesis 1. Performing more pro-environmental behavior will be
associated with feeling more warm glow.

When making choices, people expect to feel certain emotions
(Mellers & McGraw, 2001). For example, if people anticipate feeling
guilty for inaction, they show stronger intentions to engage in envi-
ronmental protection actions (Onwezen et al., 2014a; Schneider et al.,
2017). Similarly, anticipating positive emotions from green action is
linked to stronger pro-environmental intentions (Schneider et al., 2017).
Anticipated positive emotions also predict individual green consump-
tion behavior intentions, such as willingness to purchase products from a
green restaurant that uses environmentally friendly practices like
eco-friendly packaging (Mahasuweerachai & Suttikun, 2022), as well as
intentions to reduce meat consumption (Taufik, 2018; van der Linden,
2018), and to buy electric vehicles (Rezvani & Jansson, 2016). In
addition, anticipated positive emotions predict collective actions and
intentions, such as support for a tax on carbon dioxide emissions and
intentions to sign up for a residential green electricity contract
(Hartmann et al., 2017). Anticipated warm glow even predicts daily
conservation behavior over time, such as reducing driving by using more
public transportation (Jia & van der Linden, 2020).

Hypothesis 2. (Studies 2a, 2b, and 3): Anticipating more warm glow
will be associated with more pro-environmental behavior.

In recent years, positive feedback models of anticipated positive
emotions, pro-environmental behavior, and experienced positive

Behavior
H2/, +
Anticipated > Experienced Pro-environmental
Warm Glow Warm Glow Intentions

H3: Mediation

H4: Paired-samples t-test (within)

H5
E-A Difference = Experienced
minus Anticipated Warm Glow

Fig. 1. Conceptual Framework of Warm Glow and Pro-environmental Behavior and Intentions
Note. Study 1 only tested H1. Studies 2a, 2b and 3 tested H1-H5. Pro-environmental behavior is the pro-environmental choices participants made in two conse-

quential behavioral tasks.
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emotions have been proposed (Brosch, 2021; Brosch & Steg, 2021;
Schneider & van der Linden, 2023). This kind of positive feedback loop
has been observed in prosocial behavior: Prosocial spending increases
happiness, which in turn encourages prosocial spending behavior
(Aknin et al., 2012). In the context of sustainability, anticipated positive
emotions have been theorized to drive pro-environmental behavior, and
then in turn to increase experienced positive emotions (Schneider & van
der Linden, 2023). However, these models have not yet been tested
using observed behaviors. Here, we predicted that we would observe
this relationship in the context of consequential pro-environmental
behavior.

Hypothesis 3. (Studies 2a, 2b, and 3): Pro-environmental behavior
will mediate the relationship between anticipated and experienced
warm glow, that is, people who anticipate more warm glow will act
more pro-environmentally, and then also experience more warm glow.

The literature on affective forecasting has established that people are
predictably inaccurate in their expectations of future emotions (Wilson
& Gilbert, 2005), especially making errors in predicting arousal in-
tensity (Aitken et al., 2023). For example, when considering prosocial
behaviors, people underestimate how positive they will feel when doing
good for others (Dunn et al., 2008). One reason for this bias is focalism:
People tend to overestimate the effect of the event they are focusing on
(the costly prosocial behavior), while underestimating the emotional
impact of other aspects of the event (Wilson et al., 2000). When people
think about taking actions to protect the environment, focusing on the
difficulty of the behavior reduces their willingness to act (Geiger, Swim,
et al., 2021). However, after acting pro-environmentally, people might
focus on the meaning and impact of their behaviors, instead of the
behavioral costs. We expect that people will experience more warm glow
than anticipated, because after acting they will focus less on the chal-
lenges of acting and more on the meaningfulness of their actions.

Hypothesis 4. (Studies 2a, 2b, and 3): People will anticipate less warm
glow than they later experience.

Prediction error is when people's expectations deviate from later
outcomes (Heffner et al., 2021). Such discrepancies can drive subse-
quent decisions. For example, when outcomes are better than expected,
people are more willing to engage in a behavior (Oliver, 1980; Wang
et al., 2020). Here, we predicted that if individuals experienced more
warm glow than expected, they would intend to do more
pro-environmental actions in the future. As discussed above, intentions
may not be a good predictor of environmental impact (Nielsen et al.,
2022). However, due to practical considerations, we used intentions
rather than an additional round of consequential behavioral tasks.
Although consequential behavioral tasks capture the behavioral costs
associated with many pro-environmental behaviors, they are not
real-life behaviors. Thus, we investigated the association between
emotions and real-life behavior intentions.

Hypothesis 5. (Studies 2a, 2b, and 3): People who experience more
warm glow than anticipated will report higher pro-environmental
intentions.

1.3. Current studies

To test the relationship between warm glow and pro-environmental
behavior, we used consequential pro-environmental tasks. In all four
studies, we tested the primary hypothesis that more pro-environmental
behavior would be associated with more warm glow (H1). Studies 2a,
2b, and 3 also examined anticipated warm glow (H2, H3, and H4), and
how the prediction error between anticipated and experienced warm
glow relates to subsequent intentions (H5). In the current studies, pro-
environmental behavior is the pro-environmental choices participants
made in two consequential behavioral tasks. Study 1 was not pre-
registered. Studies 2a, 2b, and 3 were pre-registered. In Study 2a, H5
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was not pre-registered due to an oversight. The pre-registrations, ma-
terials, analysis code, and anonymized datasets for Studies 1-3 are
available at: https://osf.io/zvn63/?view_only=f60b8262e2e24
5f59d834645677f3789. All studies received ethical approval from
[redacted for peer review] with protocol number [redacted for peer
review].

2. Study 1
2.1. Study 1 method

2.1.1. Participants

Study 1 was part of a larger project that aimed to understand the
motivators for pro-environmental engagement. 468 participants were
recruited through social media networks (Instagram, Whatsapp, and
Reddit). Due to a technical error, the pro-environmental task was not
displayed to 216 respondents, who were then excluded. As previously
established (Berger & Wyss, 2021), participants who had more than 7
NA values in the pro-environmental task trials or who failed the
comprehension check (indicating no on the comprehension check
question) were also excluded, leading to the exclusion of another 41
participants. We also excluded one participant who did not complete the
warm glow measurement. The final sample consisted of 210 partici-
pants, age M (SD) = 28.95 (13.98), range 18-82 years with 111 women,
88 men, nine non-binary/third gender, and two who preferred not to
report their gender. 104 were students and 91 were employed with
full-time or part-time jobs.

2.1.2. Measurements and procedure

Pro-environmental behavior was assessed by the Carbon Emission
Task (CET; Berger & Wyss, 2021). It consisted of 25 choices between
option A and option B, which differed in terms of personal and envi-
ronmental incentives. In this study, we revised the task for practical
reasons. Option A was revised to prioritize durability and
cost-effectiveness. We used 0-9 kg of carbon emissions, instead of 0-90
kg, and raffle tickets rather than money for each trial as done in the
original task. In particular, option A involved the opportunity to receive
between two and ten raffle tickets (raffle prize value: €75) but would
result in 0-9 kg of carbon emissions. The emissions were translated into
a distance driven in a car to aid comprehension. Option B was
carbon-neutral, but the participant got no raffle tickets (see Fig. S1).
Participants were told that one of their trials would be randomly
selected to be consequential, with the researchers purchasing equal
emissions rights in the EU Emissions Trading System if option A was
selected in that trial. A higher proportion of option B choices across the
25 trials was interpreted as more pro-environmental behavior. Partici-
pants completed one practice trial and one binary comprehension check
question before the task: Does the decision that will determine the number of
tickets you will be awarded have a real consequence for the environment (1
= yes, 2 = no).

After completing the CET, participants answered three questions that
measured warm glow. Specifically, they rated how happy, satisfied, and
rewarded they felt when choosing the pro-environmental option, on a 7-
point scale (1 = not at all, 4 = moderately, 7 = extremely). The items were
based on previous measures of warm glow (Ahn & Lee, 2020; Hartmann
et al., 2017; Jia & van der Linden, 2020). An example item was: When I
chose B (no raffle tickets), I felt happy. The three items were combined
into a mean composite, a = .85.

2.2. Study 1 results

The data was analyzed using the R packages tidyverse (Wickham
et al., 2019) and psych (Revelle, 2024). The three items of warm glow
were strongly correlated, rs(208) > .60, ps < .001. Participants reported
moderate warm glow about acting pro-environmentally, M (SD) = 4.20
(1.45). However, participants reported feeling less rewarded than the
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other two items, and feeling rewarded was less related to feelings of
happiness and satisfaction than those were to each other. Descriptive
statistics and correlations among pro-environmental behavior and warm
glow are shown in Table 1.

As predicted in Hypothesis 1, people who engaged in more pro-
environmental behavior felt more warm glow, r(208) = .28, 95 % CI
[.15, .40], p < .001. Due to the lower correlations with the rewarded
item, a supplementary analysis also tested this relationship while
omitting the rewarded item. The result was highly similar, r(208) = .27,
95 %CI [.14, .39], p < .001.

2.3. Study 1 discussion

People who engaged in more environmentally friendly actions in a
consequential pro-environmental task experienced more warm glow.
Although making pro-environmental choices involved missing out on
financial rewards, people nevertheless felt positive afterwards.

In terms of how warm glow was measured, people felt less rewarded
than happy and satisfied. Feeling rewarded was also less closely related to
the other two warm glow items. We interpreted this as meaning that
asking about whether people felt rewarded may not be the most valid
way to measure warm glow.

3. Studies 2a and 2b
3.1. Study 2a

We replaced the rewarded item with good, which has also been used
to measure warm glow (Jia & van der Linden, 2020; Taufik, 2018; van
der Linden, 2018). In addition, we changed the pro-environmental
behavior to a time-consuming task that is tedious and less personally
rewarding, in order to conduct a more severe test of whether engaging in
pro-environmental behavior is associated with warm glow feelings. We
also added anticipated warm glow before the task, and intentions for future
pro-environmental behavior after the task, which enabled us to test Hy-
potheses 2-5 (Fig. 1).

3.1.1. Study 2a method

3.1.1.1. Participants. Study 2a was part of a separate project on youth
participants aiming to learn about the opinions of youth on climate
change.! 866 UK residents were recruited through Prolific. As pre-
registered, 63 participants were excluded because they did not com-
plete the items on anticipated and/or experienced warm glow. The final
sample included 803 participants, M (SD) = 22.94 (2.28), range 18-26

Table 1
Descriptive statistics and correlations of warm glow items and behavior (study 1,
N = 210).

M SD Pro-environmental Happy  Satisfied
behavior
Pro-environmental 0.66  0.25
behavior
Happy 4.20 1.59
Satisfied 457  1.62 74
Rewarded 385 1.73 B3FFF 60%

Note. Pro-environmental behavior is the proportion of environmentally friendly
choices in the Carbon Emission Task. ***p < .001.

! That project manipulated collective efficacy and self-efficacy to promote
pro-environmental behaviors and intentions. Contrary to the preregistration for
Study 2a, there was no effect of intervention condition on behavior. Therefore,
these conditions are not discussed further in the main text.
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years; two did not report their age. There were 387 women, 399 men, 14
non-binary/third gender, two preferred not to report gender, and one
did not complete the question about gender.

3.1.1.2. Measurement and procedure. Pro-environmental behavior was
assessed by the Work for Environmental Protection Task (WEPT; Lange
& Dewitte, 2021). Participants had the choice to exert voluntary extra
effort by completing several pages of a number identification task in
exchange for donations (0.1 GBP for each page) to an environmental
organization. Participants were shown up to 15 pages, with each
showing 50 two-digit numbers in separate boxes. They were asked to
choose the numbers that consisted of an even first digit and an odd
second digit. Participants did not themselves earn money from the WEPT
but were given the option to donate earnings to Greenpeace, Fossil Free,
or Nature Defense. To avoid discounting the efforts of participants who
voluntarily engaged in the task, we counted every page that participants
completed as valid without taking accuracy into account. We addition-
ally checked the accuracy and found that most participants completed
the pages relatively correctly, M (SD) = 93 % (9 %). Specifically, 78.6 %
of participants had an accuracy over 90 % and only 7.8 % had an ac-
curacy below 80 % (see Supplement Fig. S2 for the distribution of WEPT
accuracies). The total number of completed pages (0-15) was used as the
measure of pro-environmental behavior.

Anticipated warm glow was measured before the WEPT using the
following three questions on a 7-point Likert scale (1 = strongly disagree,
4 = neither agree or disagree, 7 = strongly agree): If I donate to an envi-
ronmental non-profit organization, I will feel [happy/satisfied/good].
Anticipated warm glow was calculated as a mean composite of these
three items (¢« = .90). The inter-item correlations were rs(801) > .70.

Using the same items as above, experienced warm glow was
measured after the WEPT: When I did (not) complete pages of the numbers
task, I felt [happy/satisfied/good]. These warm glow items were com-
bined into a mean composite (¢ = .94). The means for the three items
were moderate and the inter-item correlations were rs(801) > .80. An
open question was asked to better understand experienced warm glow:
Describe in your own words how you were feeling after having completed the
number task.

Collective pro-environmental intentions were measured by a mean
composite of three items on a 7-point scale (1 = strongly disagree, 4 =
neither agree or disagree, 7 = strongly agree; van Zomeren et al., 2010).
The items were: I would like to do something together with others to fight the
climate crisis; I would like to sign a petition to promote measures against the
climate crisis; and I will vote for a political party that fights against the
climate change crisis. Collective action intentions were measured because
this study was part of a separate project which aimed to understand
collective efficacy vs. self-efficacy on motivating behavioral change.

3.1.2. Study 2a results

3.1.2.1. Descriptives and correlations. The data was analyzed in R using
packages ImerTest (Kuznetsova et al., 2017), tidyverse (Wickham et al.,
2019), psych (Revelle, 2024), and mediation (Tingley et al., 2014).
Anticipated and experienced warm glow were both moderately high.
Participants completed a mean of 3.6 (SD = 4.36) out of 15 pages of the
WEPT (see Supplement Fig. S3 for the non-normal distribution of
behavior). Pro-environmental intentions were moderately high, M (SD)
= 5.18 (1.21). All variables were correlated with each other (ps < .05).
Notably, pro-environmental intentions were more strongly correlated
with anticipated warm glow, r(801) = .46, 95 % CI [.40, .51], p < .001,
than experienced warm glow, r(801) =.19, 95 % CI [.12, .25], p < .001.
Descriptive statistics and correlations are shown in Table 2.

3.1.2.2. Hypotheses 1-2. We present correlations instead of the pre-
registered linear regressions (Table 2), because they are equivalent for
Hypotheses 1-2 given each only has a single predictor. H1 predicted that
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Table 2
Descriptives and correlations (study 2a, N = 803).

Journal of Environmental Psychology 110 (2026) 102902

M (SD) Anticipated warm glow Pro-environmental behavior Experienced warm glow E-A difference
Anticipated warm glow 5.65 (0.94)
Pro-environmental behavior 3.56 (4.36) .09%
Experienced warm glow 4.90 (1.34) 30%** g
E-A difference —0.75 (1.38) _.39%** 26HH 7Ex
Pro-environmental intentions 5.18 (1.21) 467 J15%%x 19% 13wk

Note. Pro-environmental behavior is the average number of completed pages in the Work for Environmental Protection Task. E-A difference is Experienced warm glow

minus Anticipated warm glow. *p < .05, ***p < .001.

engaging in more pro-environmental behavior would be associated with
experiencing more positive feelings. People who engaged in more pro-
environmental behavior felt more warm glow, r(801) = .34, 95 % CI
[.27, .40], p < .001, which supported H1. The correlations also sup-
ported H2: People who anticipated more warm glow engaged in more
pro-environmental behavior, r(801) = .09, 95 % CI [.02, .16], p = .011.

3.1.2.3. Hypothesis 3. In the following, we tested Hypothesis 3 about
whether pro-environmental behavior mediated the effect of anticipated
warm glow on experienced warm glow. Results of 5000 bootstrapped
samples using the mediation R package (Tingley et al., 2014) demon-
strated that people who anticipated more warm glow experienced more
warm glow, g = .30, 95 % CI [.23, .38], p < .001. After controlling for
the indirect effect through pro-environmental behavior, anticipated
warm glow still predicted experienced warm glow, g = .28, 95 % CI [.20,
.35], p < .001. The indirect effect of anticipated warm glow on experi-
enced warm glow via pro-environmental behavior was small, = .03,
95 % CI [.01, .05], p = .006. In conclusion, the effect of anticipated
warm glow on experienced warm glow was weakly mediated by
pro-environmental behavior, which supported H3. All fs are
standardized.

3.1.2.4. Hypotheses 4-5. A paired samples t-test between anticipated
warm glow and experienced warm glow revealed that people experi-
enced less warm glow, M (SD) = 4.90 (1.34) than they anticipated, M
(SD) = 5.65 (.94), difference t(802) = 15.3, difference M (SD) = .75
(1.38), 95 % CI [.65, .84], p < .001. This was not consistent with H4.
Next, we tested whether people who experienced more warm glow
than they anticipated intended to behave more pro-environmentally in
the future. We calculated the E-A difference by subtracting experienced
warm glow from anticipated warm glow. Contrary to Hypothesis 5,
people who experienced more warm glow than anticipated had lower
intentions for future action, r(801) = —.13, 95 % CI [-.20, —.06] p <
.001. Because distinct questions were asked for measuring anticipated
and experienced warm glow, the E-A difference was complicated to
interpret. We ran an additional exploratory regression test with antici-
pated and experienced warm glow and their interaction as the inde-
pendent variables, and collective pro-environmental intentions as the
dependent variable. There was no interaction between anticipated and
experienced warm glow on pro-environmental intentions, f = .01, 95 %
CI [-.05, .06], p = .85, and only anticipated warm glow predicted pro-
environmental intentions, § = .45, 95 % CI [.38, .51], p < .001.

3.2. Study 2b

Next, we aimed to replicate Study 2a in a broader age range (see
Fig. 1). There was a difference in the behavior type in Study 2a, which
may have reduced the likelihood of finding an association between
emotion prediction errors elicited by an individual task and collective
behavior intentions (H5). In addition, anticipated warm glow is a better
predictor of low-cost than high-cost pro-environmental behaviors (van
der Linden, 2018). Therefore, in Study 2b, we focused on both general
(e.g., taking shorter showers) and costly (e.g., paying higher taxes to
protect the environment) individual pro-environmental intentions to

provide a more severe test of the last hypothesis.

Hypothesis 5: People who experience more warm glow than antici-
pated will report higher general (H5a) and costly (H5b) pro-
environmental intentions.

3.2.1. Study 2b method

3.2.1.1. Participants. 960 participants were recruited through Prolific.
As pre-registered, seven participants were excluded because they did not
complete the items on anticipated and/or experienced warm glow. The
final sample included 953 participants, M (SD) = 41.1 (13.8), range
18-77 years; 464 women, 475 men, eight non-binary/third gender, and
six preferred not to say.

3.2.1.2. Measurement and procedure. Pro-environmental behavior
(WEPT), anticipated warm glow (o = .95), and experienced warm glow
(o = .96) were measured as in Study 2a. The mean accuracy of WEPT
among participants was 93 % (SD = 8 %). 77.7 % of participants had an
accuracy over 90 % and 6.3 % had an accuracy below 80 %, which was
generally consistent with participant performance in Study 2a (see
Supplement Fig. S2 for the distribution of WEPT accuracies).

Costly pro-environmental intentions (« = .92) were measured by the
mean composite of five items on a 7-point scale (1 = very unwilling, 4 =
undecided, 7 = very willing; Diessner et al., 2022). The first three items
were: How willing would you be to pay much higher prices in order to protect
the environment, How willing would you be to pay much higher taxes in order
to protect the environment; and How willing would you be to accept cuts in
your standard of living in order to protect the environment. The last item in
the original scale was I do what is right for the environment whether it costs
more money or takes more time. This contains two aspects of money and
time, but people value money and time differently (Berthold et al., 2023;
Whillans & Dunn, 2015). For example, people can donate to environ-
mental organizations, but they might not take the time to sign a petition.
Thus, we divided this into two items: How willing would you be to do what
is right for the environment, even when it costs more money and How willing
would you be to do what is right for the environment, even when it takes more
time.

General pro-environmental intentions” (& = .79) were measured by
the mean composite of six items on a 7-point scale (1 = very unwilling, 4
= undecided, 7 = very willing): How willing would you be to [eat less meat
(or none) /reduce, reuse, or replace plastic/buy green energy/fly significantly
less (or not at all) /take shorter showers/donate money to climate protection
projects].

2 To check the factor structure of the pro-environmental intention scales, we
conducted an exploratory factor analysis. The results suggested different load-
ings on two factors for some items. According to the loadings, we used the two
new factors for a robustness check to test related H5 that people who experience
more warm glow than anticipated will report higher general (H5a) and costly
(H5b) pro-environmental intentions. The results remained the same in that H5
was rejected (See Supplement). Thus, we used the original two scales.



L. Zhou et al.

3.2.2. Study 2b results

3.2.2.1. Descriptive statistics and correlations. Descriptive statistics and
correlations are shown in Table 3. Participants completed a mean of 5.8
(SD = 5.6) out of 15 pages of the WEPT (see Supplement Fig. S3 for the
non-normal distribution). Participants experienced moderately high
warm glow, M (SD) = 5.07 (1.27). The E-A difference between experi-
enced minus anticipated warm glow was —.34 (1.32), showing that
people seemingly experienced less warm glow than they anticipated.
Participants appeared to report stronger general, M (SD) = 5.40 (1.14),
than costly, M (SD) = 4.55 (1.46), pro-environmental intentions. Par-
ticipants who anticipated or experienced more warm glow showed
stronger costly pro-environmental intentions and general pro-
environmental intentions (Table 3).

3.2.2.2. Hypotheses 1-2. Asin Study 2a, we present correlations instead
of the pre-registered linear regressions (Table 3), because they are
equivalent for Hypotheses 1-2 given each only has a single predictor. As
predicted in Hypothesis 1, participants who engaged in more pro-
environmental behavior experienced more warm glow, r(951) = .33,
95 % CI [.28, .39], p < .001. The results also supported H2: people who
anticipated more warm glow performed more pro-environmental
behavior, r(951) = .13, 95 % CI [.06, .19], p < .001.

3.2.2.3. Hypothesis 3. We used the mediation R package with 5000
bootstrapped samples. People who anticipated more warm glow expe-
rienced more warm glow, § = .41, 95 % CI [.33, .49], p < .001. The
direct effect between anticipated and experienced warm glow remained
when including pro-environmental behavior as the mediator, f = .37,
95 % CI [.29, .45], p < .001. Again, there was a small indirect effect of
anticipated warm glow on experienced warm glow via pro-
environmental behavior, = .04, 95 % CI [.02, .06], p < .001. Thus,
pro-environmental behavior slightly mediated the effect of anticipated
warm glow on experienced warm glow, which supported H3. All gs are
standardized.

3.2.2.4. Hypotheses 4-5. A paired samples t-test between anticipated
warm glow and experienced warm glow revealed that people experi-
enced less warm glow, M (SD) = 5.07 (1.27), than they anticipated, M
(SD) = 5.41 (1.15), difference t(952) = 7.86, difference M (SD) = .34
(1.32), 95 % CI [.25, .42], p < .001. This was contrary to H4, but
consistent with Study 2a.

Finally, we tested whether people who experienced more warm glow
than they anticipated reported higher pro-environmental intentions. We
calculated the E-A difference by subtracting experienced from antici-
pated warm glow. As shown in Table 3, people who experienced more
warm glow than anticipated had lower costly, r (951) = —.14, 95 % CI
[-.20, —.08], p < .001, and lower general pro-environmental intentions,
r(951) = —.18, 95 % CI [-.24, —.12], p < .001. This was contrary to H5
but consistent with Study 2a.

3.3. Robustness check

In the pre-registrations for Studies 2a and 2b, we planned to include
participants who did not complete any pages of the WEPT. However, it is
difficult to interpret what their experienced warm glow means for those
who did not work on the environmental protection task. Thus, we also
report robustness checks using this exclusion for all hypotheses that
included experienced warm glow (H1, H3, H4, and H5) in Studies 2a and
2b. 644 of 803 (80.2 %) participants remained in Study 2a, and 847 of
953 (88.9 %) participants remained in Study 2b (see Supplement
Tables S1 and S2 for descriptives and correlations).

Using this new exclusion, H1 was still supported in Studies 2a and 2b,
such that people who acted more pro-environmentally felt more warm
glow (S2a: r(644) = .22, 95 % CI [.15, .29], p < .001; S2b: r(847) = .32,
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95 % CI [.25, .38], p < .001). H3 on the mediating role of pro-
environmental behavior between anticipated and experienced warm
glow was supported in Study 2b (indirect effect: g = .02, 95 % CI [.002,
.404], p = .03), but not in Study 2a (indirect effect: f = .01, 95 % CI
[-.004, .027], p = .14).

H4 and H5 were also not supported in Studies 2a and 2b. For H4,
participants anticipated more warm glow than they experienced (S2a:
difference t(643) = 11.28, difference M (SD) = 0.51 (1.16), 95 % CI [.42,
.60], p < .001; S2b: difference t(846) = 8.63, difference M (SD) = 0.32
(1.09), 95 % CI [.25, .40], p < .001). Regarding H5, in Study 2a par-
ticipants who experienced more warm glow than anticipated did not
report more collective pro-environmental intentions, r(644) = —.07, 95
% CI [-.15, .00], p = .06, nor more costly pro-environmental intentions
in Study 2b, r(847) = —.05, 95 % CI [-.12, .01], p = .12. Additionally, in
Study 2b, participants who experienced more warm glow than antici-
pated reported less general pro-environmental intentions, r(847) =
—.08, 95 % CI [-.15, .01], p = .02.

3.4. Studies 2a and 2b discussion

In Studies 2a and 2b, we used the tedious WEPT as a more severe test
of warm glow. The relationships among anticipated warm glow, pro-
environmental behavior, experienced warm glow, and intentions were
examined both in a youth sample (Study 2a) and in an adult sample
(Study 2b).

Consistent with Study 1, people felt warm glow, even after a tedious
task. People felt positive emotions when sacrificing their monetary
reward (Study 1) and time efforts (Studies 2a and 2b) for environmental
protection. This might be because they view their effort as meaningful
for benefiting the environment and society (He et al., 2024; Venhoeven
et al.,, 2020). In addition, the positive self-image signal from acting
pro-environmentally may make people think of themselves as a good
person, and this could also elicit good feelings (Venhoeven et al., 2016).
These findings provide strong evidence from an observed behavior (not
self-report) that people feel warm glow after acting
pro-environmentally.

Anticipated positive emotions such as pride have been positively
associated with pro-environmental intentions (Duran et al., 2016; Li
et al., 2020; Odou & Schill, 2020; Onwezen et al., 2014b), Onwezen
et al., 2014bnd self-reported pro-environmental behaviors (Onwezen
et al., 2013), even four weeks later (van der Linden, 2018). The present
findings replicated the positive relationship between anticipated warm
glow and pro-environmental intentions, even when using a more
rigorous measure of behavior. Participants who anticipated feeling more
warm glow later engaged in more pro-environmental behavior that
required time and effort. In Study 2b, anticipated warm glow was also
moderately related to costly pro-environmental intentions. Future
studies with low-cost intentions might show larger effects, since antic-
ipated warm glow appears to more strongly predict low-cost pro--
environmental behaviors (van der Linden, 2018).

Further, pro-environmental behavior mediated the relationship be-
tween anticipated warm glow and experienced warm glow. People who
anticipated more warm glow engaged more in pro-environmental
behavior, and then felt more warm glow. According to the positive
feedback model, there is a self-reinforcement mechanism among antic-
ipated positive emotions, pro-environmental behavior, and experienced
positive emotions (Schneider & van der Linden, 2023). Anticipated
warm glow drives pro-environmental behavior (Jia & van der Linden,
2020; van der Linden, 2018), and then makes people experience warm
glow after engaging in sustainable behaviors (Taufik et al., 2015). The
present mediation finding is consistent with such a positive feedback
loop, but it is still unknown whether this increases subsequent behavior.

However, after excluding participants who did not complete any
pages from the analysis, we found mixed results in Study 2a. Pro-
environmental behavior did not mediate the relationship between
anticipated and experienced warm glow. Anticipated warm glow was
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Table 3
Descriptive statistics and correlations (study 2b, N = 953).
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M (SD) Anticipated warm Pro-environmental Experienced warm E-A Costly pro-environmental
glow behavior glow difference intentions
Anticipated warm glow 5.41 (1.15)
Pro-environmental behavior 5.76 (5.58) 13%F
Experienced warm glow 5.07 (1.27) 7Y R \33%x
E-A difference —0.34 (1.32) —.48%F* 2] L61%%*
Costly pro-environmental 4.55 (1.46) 51 27%F 32%Ex —.14x*
intentions
General pro-environmental 5.40 (1.14) 52 267 .28 —.18%** 78

intentions

Note. Pro-environmental behavior is the number of pages completed in the Work for Environmental Protection Task. E-A difference was calculated as Experienced warm

glow minus Anticipated warm glow. ***p < .001.

not related with pro-environmental behavior in the mediation analysis,
which might explain why there was no mediation effect. A plausible
explanation for the null mediation effect in Study 2a is the reduced
sample size (644 participants in Study 2a compared with 850 in Study
2b). Mediations are stringent and the reduced sample in 2a may have led
to a Type II error null effect. In addition, the framing of the question
about anticipated warm glow was about donations, so participants may
not have considered the behavioral costs of the task. This conceptual gap
between anticipated feelings for donations and completing a boring task
might explain the non-significant results among the participants who did
the task.

Unexpectedly, we found that people experienced less warm glow
than they anticipated. This is, however, consistent with common errors
in emotion forecasting (Aitken et al., 2023). Such prediction error might
inhibit or motivate people to behave that way again. For example, when
they feel better than anticipated, they might repeat the behavior.
However, in Studies 2a and 2b, people who experienced more positive
feelings after the WEPT than they anticipated then intended to behave
less pro-environmentally in the future. More importantly, this might be
because of the inconsistent wording of the measurement of anticipated
and experienced warm glow. People reported their anticipated feelings
for donations (the act of pro-environmental behaviors) and later their
experienced feelings for doing the task (the cost of pro-environmental
behaviors). These measures are not completely aligned despite the fact
that completing the task would make donations to environmental or-
ganizations. In addition, this specific task was boring and tedious, which
might reduce the amount of positive emotions people feel related spe-
cifically to the task.

4. Study 3

In Studies 2a and 2b, we found supportive evidence for the rela-
tionship between positive emotions and pro-environmental behaviors.
However, we did not find support for Hypothesis 4 (that people would
anticipate less warm glow than they later experience), or Hypothesis 5
(that people who experience more warm glow than anticipated would
report higher pro-environmental intentions). This might be because of
the inconsistent wording of the measurement of anticipated and expe-
rienced warm glow. Thus, in Study 3, we aligned the measurements for
anticipated and experienced warm glow to provide a more reliable test
of Hypotheses 3, 4 and 5.

4.1. Study 3 method

4.1.1. Participants

1000 UK residents were recruited through Prolific. As pre-registered,
151 participants were excluded from the main analysis because they did
not complete any pages of the WEPT and thus could not experience
warm glow from the environmental protection task. The final sample
included 849 participants, M (SD) = 44.3 (13.6) years old; 483 women,
405 men, one non-binary/third gender, and five preferred not to say.

4.1.2. Measurement and procedure

Pro-environmental behavior (WEPT), costly pro-environmental in-
tentions (o« = .92), and general pro-environmental intentions (a = .89)
were measured as in Study 2b. Participants completed the WEPT rela-
tively correctly, M (SD) = 93 % (10 %). 77.2 % of participants had an
accuracy over 90 % and 7.4 % had an accuracy below 80 %, generally
consistent with the participant performance of Studies 2a and 2b (see
Supplement Fig. S2 for the distribution of WEPT accuracies).

To align the measurements for anticipated and experienced warm
glow, we changed the framing of the question, but used the same three
items with a 7-point Likert scale from strongly disagree to strongly agree
as in Study 2b. Anticipated warm glow (a0 = .97) was measured before
the WEPT as a mean composite of three items: If I complete pages of the
number task in exchange for donations to an environmental non-profit or-
ganization, I will feel [happy/satisfied/good].

Experienced warm glow was measured after the WEPT: When I did
complete pages of the number task in exchange for donations to an envi-
ronmental non-profit organization, I felt [happy/satisfied/good]. Given that
participants would complete different pages of the WEPT, we used two
prompts before the questions. For participants who completed all pages
of the task, the prompt was: You have completed all pages of the number
task (internal reliability, a = .93). For participants who completed
several pages of the task, the prompt was: You have completed several
pages of the number task (internal reliability, a = .97). Three warm glow
items (happy, satisfied, and good) were combined into a mean composite.
An open question was also asked to better understand experienced warm
glow: Describe in your own words how you were feeling after having
completed the number task.

4.2. Study 3 results

4.2.1. Descriptive statistics and correlations

Descriptive statistics and correlations are shown in Table 4. Partici-
pants completed M = 4.97, SD = 4.64 out of 15 pages of the WEPT (see
Supplement Fig. S3 for the non-normal distribution). Participants
anticipated (M = 5.38, SD = 1.15) and experienced (M = 5.36, SD =
1.24) moderately high warm glow (out of 7). The E-A difference of
experienced minus anticipated warm glow was small, M (SD) = 0.02
(0.93). Individuals who anticipated or experienced more warm glow
reported stronger pro-environmental intentions, rs(849) = .42 to .45, 95
% CIs [.37, .50], ps < .001. In addition, participants who acted more pro-
environmentally in the WEPT also demonstrated higher pro-
environmental behavior intentions, rs(849) = .25 to .29, 95 % CIs
[.19, .35], ps < .001.

4.2.2. Hypotheses 1-2

As pre-registered, correlation analyses were used to test hypotheses
1-2. In line with HI1, participants who engaged in more pro-
environmental behavior felt more warm glow, r(849) = .25, 95 % CI
[.19,.32], p < .001. H2 was that people who anticipate more warm glow
would act more pro-environmentally. We pre-registered excluding
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Table 4
Descriptive statistics and correlations (study 3, N = 849).
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M (SD) Anticipated warm Pro-environmental Experienced warm E-A Costly pro-environmental
glow behavior glow difference intentions
Anticipated warm glow 5.38 (1.15)
Pro-environmental behavior 4.97 (4.64) 18%%*
Experienced warm glow 5.36 (1.24) J70% %
E-A difference —0.02 (0.93) 47%
Costly pro-environmental 4.69 (1.37) 4 .01
intentions
General pro-environmental 5.41 (1.80) 457 297w 43 .02 VA ki

intentions

Note. Pro-environmental behavior is the number of pages completed in the Work for Environmental Protection Task. E-A difference was calculated as Experienced warm

glow minus Anticipated warm glow. ***p < .001.

participants who completed zero WEPT pages, but for H2 specifically,
that group is still meaningful. Hence, as a deviation we included all
participants for H2. As predicted, participants who expected to feel more
warm glow from engaging in the environmental protection task acted
more gpro-environmentally later, r(1000) = .25, 95 % CI [.19, .31],p <
.001.°

4.2.3. Hypothesis 3

Using the same mediation analysis as in Study 2b, in Study 3, people
who anticipated more warm glow also experienced more warm glow,
=.70,95 % CI [.63,.77], p < .001. The direct effect between anticipated
and experienced warm glow remained when including pro-
environmental behavior as the mediator, § = .68, 95 % CI [.60, .75],
p < .001. Pro-environmental behavior mediated the effect of anticipated
warm glow on experienced warm glow, = .02, 95 % CI [.01, .04],p <
.001, supporting H3. All s are standardized.

4.2.4. Hypotheses 4-5

A paired samples t-test suggested that there was no difference be-
tween anticipated and experienced warm glow, t(849) = 0.58, difference
M (SD) = 0.02 (0.93), 95 % CI [-.04, .08], p = .56. This result did not
support H4 (that people would anticipate less warm glow than they later
experience).

Lastly, correlation analysis between the difference (experienced
minus anticipated warm glow) and pro-environmental intentions did not
support H5 (costly pro-environmental intentions, r(849) = .01, 95 % CI
[-.60, .80], p = .79; general pro-environmental intentions, r(849) = .02,
95 % (I [-.40, .90], p = .49.

4.3. Study 3 discussion

In Study 3, we aligned the measurements of anticipated and expe-
rienced warm glow to test the main hypotheses more strictly. Consistent
with Studies 2a and 2b, we found supportive evidence for a positive
feedback loop between positive emotions and pro-environmental be-
haviors (Schneider & van der Linden, 2023). As in the other studies, H4
(people would anticipate less warm glow than later experienced) and H5
(people who experience more warm glow than anticipated would report
higher pro-environmental intentions) were not supported.

After changing the framing for anticipated warm glow, the associa-
tion between anticipated warm glow and pro-environmental behaviors
appeared to be stronger in Study 3. In the previous studies, we asked
about individuals’ expected feelings towards donation behavior. Par-
ticipants might expect good feelings about donations. However, the
question about anticipated warm glow did not guide participants to
consider the behavioral costs of the donations. In Study 3, the link to the

3 For robustness and completeness with the original pre-registration, we also
tested H2 excluding participants who completed zero WEPT pages and found
similar results: r(849) = .18, 95 % CI [.12, .25], p < .001.

task was clearer. Thus, individuals who anticipated more warm glow
from completing the task in exchange for donations engaged more in the
task, and this association seemed to be stronger. Although people might
generally expect to feel warm glow from pro-environmental behaviors,
the intensity of the positive associations between anticipated warm glow
and pro-environmental behavior likely varies by the specificity of the
anticipated emotion phrasing, and perhaps also across different types of
pro-environmental behaviors.

Similar to Studies 2a and 2b, we did not find in Study 3 that people
anticipated less positive emotion than they later experienced. Addi-
tionally, the association between anticipated and experienced warm
glow was stronger than in Studies 2a and 2b, likely due to the aligned
measurements for anticipated and experienced warm glow.

5. General discussion

Across four studies, we investigated the relationships between
anticipated and experienced warm glow and pro-environmental in-
tentions and behavior, using consequential pro-environmental behavior
tasks. Table 5 shows the overall findings. People who anticipated feeling
more warm glow consistently performed more environmentally friendly
actions, and in turn experienced more warm glow feelings. In addition,
these relations between warm glow and behavior replicated across two
behavioral tasks. In addition, our findings suggested a positive spillover
effect of pro-environmental behaviors on future intentions (Geiger,
Brick, et al., 2021).

5.1. Warm glow and pro-environmental behavior

People felt warm glow after acting pro-environmentally across two
behavioral tasks (CET: financial cost, WEPT: time and effort) and across
samples differing by age. These findings constitute strong evidence for
warm glow because these consequential and sometimes tedious tasks
provided more severe tests of whether pro-environmental behavior re-
lates to positive feelings, compared to previous studies with only self-
reported behavior.

Anticipated warm glow appears to have motivated people to act pro-
environmentally, and those people later experienced more warm glow
about their pro-environmental actions. The mediating role of pro-
environmental behavior in the association between anticipated and
experienced warm glow was mostly supported. We found mixed results
in Study 2a when excluding participants who did not complete any
WEPT trials (i.e., no pro-environmental behavior as the ratings of
experienced emotions were less meaningful. Pro-environmental
behavior did not mediate the relationship between anticipated and
experienced warm glow. As noted in the Studies 2a and 2b Discussion,
this discrepancy might be because of the reduced sample size and the
different framing for measuring anticipated warm glow. Overall, we
interpret the pattern of results across the studies as showing consistent
but not universal support for the association between warm glow and
pro-environmental behaviors. People who experienced more positive
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Table 5
Summary of hypotheses and results across studies 1-3.
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S1 S2a S2a S2b S2b S3 Results (range)
PEB>0 PEB>1 PEB>0 PEB>1 PEB>1
N 210 803 644 953 847 849
H1: More pro-environmental behavior, more experienced warm glow v v v v v v rs =.22 to .34
H2: Anticipating more warm glow, more pro-environmental behavior n/a v n/a v n/a v rs = .09 to .25
H3: Pro-environmental behavior will mediate the relationship between n/a v X v v v ps (indirect effect) = .01
anticipated and experienced warm glow to .04
H4: People will anticipate less warm glow than they later experience n/a X X X X X Means (difference) = .02
to .75
H5: Experiencing more warm glow than anticipated, higher pro- n/a X X X X X rs = —.18 t0 .02

environmental intentions

Note. S = Study. PEB >0: all participants were included in the analysis; PEB >1: participants who did not complete any pages of the WEPT were excluded from the
analysis. v: the hypothesis was supported; x : the hypothesis was not supported.

feelings expressed stronger behavioral intentions. However, these data
did not test whether experienced positive feelings would increase sub-
sequent behavior. Directly testing the positive feedback loop will be an
worthwhile task for future research.

These findings about the positive relationships among warm glow
and pro-environmental behavior may inform climate mitigation strate-
gies. They could help shift media and citizens’ focus from the broad and
often negative valence of climate change to the positive benefits of ac-
tions, such as good feelings and improvement of society and life satis-
faction (Bain et al., 2016; Binder et al., 2020; Prinzing, 2023). Climate
communication media could transform from climate change issues to
climate change mitigation actions that people engage in (Meyer et al.,
2020) and also report their positive feelings. People would learn from
the news and their anticipated warm glow might increase, thereby
motivating people to contribute to combating climate change. Empirical
research is warranted to test whether people perform more
pro-environmental behavior after reading news on positive benefits
from climate change mitigation actions compared with news on negative
facts of climate change issues.

5.2. Warm glow prediction errors and future pro-environmental intentions

In Studies 2a and 2b, we found that people across different ages
overestimated how good they would feel after the WEPT. This may
reflect the fact that people tend to project their past experiences, such as
past experienced feelings, when making predictions about new situa-
tions (Takano & Ehring, 2023). People may have felt good following past
pro-environmental behaviors (Taufik & Venhoeven, 2018; Venhoeven
et al., 2016), resulting in high levels of anticipated warm glow. More-
over, people may have experienced less warm glow than they expected
because of the tediousness of the number identification task and the low
perceived benefits of the behavior. For example, one response to the
open question was: "After completing my final task I was honestly feeling
tedious. I began to think about whilst what I was doing was for a good cause, it
was only valued at 0.10 per page."

In Study 3, people did not anticipate less warm glow than they later
experienced, contrary to Hypothesis 4. Unlike Studies 2a and 2b, in
Study 3 there was no difference between anticipated and experienced
warm glow. We speculate that this change resulted from aligning the
framings for the measures of anticipated and experienced warm glow. As
a result of these changes, in Study 3, individuals appeared to report
experiencing more warm glow about completing pages in exchange of
donations, and had more alignment between anticipation and experi-
ence, compared with those who reported feelings only towards
completing pages in Studies 2a and 2b. We observe that the framing of
the emotional experience questions can affect the outcomes even for the
same behaviors. Highlighting the benefits rather than the associated
costs of pro-environmental behavior could thus enhance positive
experiences.

In addition, in Studies 2a and 2b, people who experienced more

positive feelings after the WEPT than they anticipated then intended to
behave less pro-environmentally in the future. This might reflect the
different framings for measuring anticipated and experienced warm
glow. After aligning the measurements in Study 3, this association in
Studies 2a and 2b disappeared, such that people who felt more positive
feelings than anticipated did not report weaker or stronger pro-
environmental intentions. The pattern of results across studies support
the possibility that the findings for H5 in Studies 2a and 2b were due to
the measurement items used. Another study found that when people felt
good after a pro-environmental behavior they reported higher intentions
in a hypothetical scenario (Chatelain et al., 2018). Because of these
mixed findings, future research could use a wider range of consequential
behavior tasks to test when positive feelings and the discrepancy be-
tween anticipated and experienced warm glow might affect
pro-environmental intentions.

5.3. Limitations and future directions

Our research only focused on people from the Global North, and two
types of pro-environmental behaviors, which limits the generalizability
of these findings. It remains unclear whether people from different
places and cultures would experience the same positive feelings. People
who are highly concerned about environmental issues tend to anticipate
more warm glow for pro-environmental behaviors (Maduku, 2024). It is
not yet known if the current findings would generalize to people with
high concern. Future studies could test similar designs in participants
from different cultures with different social norms and concerns about
sustainability, and consider other pro-environmental behaviors.

Furthermore, our studies provide correlational evidence for re-
lationships among warm glow and pro-environmental behaviors, but
these designs do not provide causal evidence for the direction of effects.
Research efforts could focus on establishing valid and effective ways to
manipulate warm glow and test the causal link between warm glow and
behavior. For instance, gamification can promote pro-environmental
behaviors (Douglas & Brauer, 2021). Such a paradigm could be lever-
aged to manipulate experienced warm glow by giving different feedback
to trigger different intensity of feelings. In addition, anticipated warm
glow might be affected by perceived behavioral control (Zhang et al.,
2018). When people perceive themselves as capable of a behavior, they
also do more of that kind of behavior (de Leeuw et al., 2015). Perceived
behavior control could be used to manipulate anticipated warm glow,
for example by changing perceptions of how much of the task partici-
pants can complete. In addition, pro-environmental behaviors in Studies
2, 3 and 4 were not normally distributed, which might have caused a
misestimation of such effects (see Supplement Fig. S3).

The perceived meaningfulness of a behavior is a key part of why
people engage in such behaviors (He et al., 2024) and feel good about
themselves afterwards (Venhoeven et al., 2020). We did not directly test
whether the computer tasks used in the studies were perceived as
meaningful and pro-environmental, but one interpretation of our results
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is that they felt good partly because of their perceived meaningfulness.
Future research could test other, more directly meaningful and
pro-environmental behaviors, which could increase warm glow effects
on subsequent behavior. For example, using tree planting as the
outcome of the WEPT could be wused instead of donations
(Berkebile-Weinberg et al., 2024). Another possibility is to change the
content of the task, for example by asking participants to do a charity
run in exchange for donations, or to complete a task to help conservation
science. Researchers could also ask participants to evaluate
environment-related study materials or data in exchange for donations,
instead of work that will be discarded, such as WEPT number
identifications.

Because of practical limitations, we measured future intentions
rather than additional rounds of observed pro-environmental behaviors.
However, intentions are not behavior (Koller et al., 2023; Nielsen et al.,
2021). It would be valuable to test designs with multiple rounds of
behavior. It may provide an opportunity to explore the long-term and
dynamic effect of warm glow on promoting sustainable behavior. For
example, both experience sampling methods and longitudinal designs
could potentially provide causal evidence and track how feelings and
behaviors change over time.

6. Conclusion

Warm glow describes the positive feelings people have after acting in
meaningful and helpful ways. Across four studies, we showed that
people felt good after consequential pro-environmental behavior tasks,
measured objectively, even when the behaviors were tedious. In Studies
2a, 2b and 3, anticipating warm glow strengthened pro-environmental
behavior. Experiencing warm glow from such behavior reinforced
later pro-environmental intentions. Future work can test additional
tasks and populations that vary in culture or environmental concern to
explore how anticipated and experienced warm glow shape pro-
environmental behaviors and intentions.
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